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[Detailed Description of the Invention] 
[Technical Field to which the Invention Belongs] 
[0001] The present invention relates lo olasUc lpn«oo r 

[Prior Art] 

havmg compound in prodacing plastic lenses Friaml Tr„ "'o' '''^ epiSgroup 
a plast,c iens having optical properties, a ref Jt^indTx of Z '^T' "if 180977/1999 discloses 

roSi 7^'"' '"'L'"^""" '^P^^'ing its heat rLTstance ^ k " """"""^ °^ '""^ ^5 to 37 or so 

[0003] Japanese Patent Uid-Open Nos 29MSo/i qq^ !l Jl. mechanical strength. 

Tund fn" r''° ^^""-'^^'"9 '-Po° nd fn!^^^^^^^^^ ^--^ « ^-'n composition prepared by 

CSi^^^^^^ 

:;:;=~----d.andc 

[Problems that the Invention is to SolveJ 
'^'^^^^^^^^^^^^ 

res.stance. mechanical strength and impact resSance ' ^ ' ""'""^^ ^"'^ ''^^'''S transparent^ heat 
[Means for Solving the Problems] 

rMnrl«>e r\f r*«»-..j^ - .. . 



[Modes of Carrying out the Invention] 
[0011J in its first aspect, the plastic lens for spectacles of the invention 



is produced through polymerization of an 
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epithjo group-having compound, a polythiol compound and a snifnr fr^ . • 

or the polythiol compound to the sulfur-free nni.ic.^, A "'"™ PO'ysocyanate compound in a ratio (bv moh 
-SH/-NCO is smaller than 2.0. the effect of the fS alecf of ' -^^^-NCO. of being at least 2.0. If the ratfo 

[0012] In its second aspect the plastic lens foT^n^^f f "Stained, 
epithio group-having co^ounrapo^M 

mol) of the polythiol compound lo the sulfur-conLning poMsoc?^^^^ PO^socyanate compound in a ratio (by 

Ihe ral.0 -SH/-NCO is smaller than 1 .2. the effect of the inverMrrnno, TZ^' °' '^"'"9 ^' ' ^ ^ 

Sd -s^. - spectacles co.d have an in- 

moroas-ng the refractive index of the lenses while tt lens;s arfkl^^^^^^^^ ^"'^ Per further 

mcreased Abbe's number, heretofore proposed is add!nq an er^tl nro T^- ^" ^t^«"9»h «"«^ an 

m he system for lenses that comprises an epithio ™ havTo "'^^^^ f *° However. 

Sro"'"If 'f'^^P°'y-'=V-ateisexcLsiveTe,th^^^^^^ ^ ^""-"fr- 

rmZnrda^~— ^^^^^^ 

compound therein is increased. Since the sulfur conten^nd the tlur^^^^^^^^ 

have an .ncreased refractive index and their mechanicarsfrfng th a^^^^^^ '^nses 
[0015] Some sulfur-containinq oolvisocvanate ,^«n, sirengrn and Abbe s number are not lowered, 
room temperature. Such a solid.'sSioS^g po^^^^^^^^^^ bis(isocyanatomethyl)-1 .4-dithian are solid at 

cyanate compound that is liquid at room ter^Je^aSrS'S 

easy to handle when rt is used in producing lensef In mSnoTe ^ '1°""^"^^'^^^^^' the resulting mixtuVe is 
compound to the sulfur-free polyisocyanate compound lo^on fr^^^^^^^^^^ sulfur-containing polyisocyanate 
compound can dissolve the solid, sulfur-containing polKanate co^^^^^^^^ """"^"'^^^ PoVisocyanate 

temperature. Concretely, the ratio of the two, the suE cTt^l"^'^ ° ^ "^'^"^^ '"^^ at room 
polyisocyanate compound may be such that thfLoZ „f Tk! ^^^^'^^^^"^^^ compound and the sulfur-free 
dissolving therein the sulfur-containing po lyrsocyanaT c^^^^^^^^ polyisocyanate compound is enough for 

=ryrg'^r-^^^^^ 
[ooiaj ri^ret;— ^^^^^^^^ 

selected from dKisocyanatomethyl)bicycloLptant ^^ZX^^^^^^^ ^^.J^^' polyisocyanate compound 
[0019] • ^he '"'"''■'^^"^ e'ro^hromTo^und' dicyclohexylmethane diiso- 

.yJlngbircSoTer^^^^^^^^^^^^^ 

bicycioheptaneand/ordicyclohexylmetha'edi"^^^^^^^ 'V' -'th di(isocyana.omethy., 

temperature, and is easy to handle ' "'^^olved therein, the resulting mixture is liquid at room 

frio.l^eTetCatrs:2^ P^'^'-'^-- -Po-d. -SH/-MCO. is preferably at 

p^^p^rs^^^^^^^ 

dohexane.bis(2-mercaptoethy.)th'ioma;Lte.t2rel^^^ 1,1-bis(mercaptometM,c?- 
(2-mercaptoacetate). 2.3-dimercapto-1 -prot^anol A ^ . ' 2.3-d.mercaptosuccinate. 2.3-dimercapto-1 -propanol 
ethylene glycol bls(3-mercaptopSron«rr2 d lTZ?^ ""^^^^ •""''^'^"^ S'^^^' bis{2-meicapLifaS 
2 2.bis(mercaptomethyl)-1 ,?pro%'nedro; IfsSZJZS^:^:''^ Ptop-pyl methyfethe 

yiene glycol bis(3-mercapt6propionate). trimethy olpTopaSS^^^^^^^ f*"""' '"^(^-mercaptoacetate). eth^ 

opropionate). pentaeorthritol tetrakls(2-me JptoaSai/ nS^t^f^T , f tnmethylolpropane tris(3-mercap- 
2-mercaptoethylthio)-3-mercaptopropane;aScSr^^^^^ ^,2^1 
as b,s(mercaptomethyl) sulfide, bis(mercaptoethyl) sulf de t^^Zr^^^. If ^ ™^<=«P«° 9™"Ps. such 
ane. bis(2-mercaptoethylthio)metiane. bis(3H!ie^Jp,^^^"^^^^^^ bis(mercaptomethyrthro)meth. 

K p opyi;meinane, 1.2-bjs(mercaptomethylthio)ethane, 1,2- 
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captoethylthio-1,3-propanedithiol. 1 al-trfeSSZem^^^^^ 

1,2,3-tris(3-mercaptopropylthio)popane tSS^^ ^.2.3-tris(2-mercaptoethylthio)propane 
- °'-«thy.)methane.tetraJ(3-me';capto;^^^^^ tetrakisfS-mercap/oethW 

colates and mercaptopropionales. hydroxymethylsuindL S ^'^^"'^"'^P^^P^'Py*) disulfide, and Iheir thiogly- 

topropionate). hydroxyethyfeulfide b!l(2.merSpCa^SeT hJSS^^^ bis(3-n,ercap- 
propylsulfide bis(2-mercaptoacetate), hydroxyproSSSe ^ f b.s(3-mercaptopropionate). hydroxy- 

2-mercaptoacetate). hydroxyn,ethyliislde^sT3'^'I^^^^^^^^^^^^^ hydroxymethyldisulflde bfs 

ta e . hydroxyethyldisulfide bis{3-mercaptopropionaterhvdrox™ Mroxyethyldisulfide bis(2-mercaptoace- 
pyld.sulf.de bis(3-me,captopropionate), S-LcapToetX"^^^^^^ ^^^^-yP- 
(3-mercaptopropionate), 1 ,4-dithian-2,5-diol bis(2 meioacLt^^^^ 2-mercaptoethyI-ether bis 

b.s(2-menoaptoethyl) thioglycolate. bis 2-men;aDtoeThSS^ ^•'*-'"«h.an-2.5-diol bis(3-mercaptopropionate) 

(2-mercaptoethy,) dithiodiglycola e/Sc^r^r^^^^^^^^^^ bis(2-mercaptoethyl) 4.4--thi^ibutyVSs 

tyrate. bis(2.3-dimercaptopropyl) thiodig ^0!^^ LTi^^ ™^ bis(2-merc:aptoethyl) 4,4--dlthiod bu- 

pyl) dithlodiglycolate, (2.3-dimeUtopropyirdiihS^^ bis(2,3-dimercaptopro- 

2.-d.e^p..e.y,,2.S.^^^^^^^^ 

o^LZ-lttirs^^^^^^^ P-^-b,y bisne.apto.etHy,-1 .4-d.th,an and/or (W- 

rcylsllSXr.^^^^^^^^^ 

1.4-bis(P-epithiopropylthlomethyl)cyclohexanes bfeM m o!;thT ^■^■S:^<P-«P"'^'°P^°Py'*io)cyclohexanes. 1,3- ^nd 
propylthio)cycloiiexyl]propaneiis[l(P-SthioDroD2 2.2-bis[4- p-;pithio 

pounds such as 1.3- andl4-bis(p-eKj^^^;ZS^^ 
b|s[4-(p-epithiopropylthio)phenyl]methane 2.2 bi^4 (B^^^^^ 

phenyl) sulfide. bls[4-(p-eplthiopropylthio)phenyli Sine 4TSsr7/ih^^ bis[4-(P-epithiopropylthio 
episulfide compounds such as 2.5 bis(p-epithEp^^^^^^^ skeleton-having 
thylH.4-dithian. 2.5-bis(p.epimioproS^«hioehy^^^^^^^^^^ 

aliphatic skeleton-having episulfide compounds such as 2,?!' ,„^'^'^-*"(P-^P'*'°P'-°Py"bioethyl)-i ,4-dithian: and 
propane. 1.2-bis[(2-p-epithiopropyllhioet^X*'^^^^^^^^ 

nese Lent '^'^Z^^^^^^^^ - «^-Hbed in. for example, .apa- 

189592/1999. 180977/1999, and Japanese Paten/^^frJ^ o °«1320/1991, 140070/1999. 18370^1999 

in these publications are all usable in the inventron. "^"^^'"-"P^" 810575/1989. Episulfide 

monomers disclosed 

™" '° '""'^•"•""^ -"""-o -^a^-. b.o^.N.p„,p„, ^ ,„ 

having compound). ^ compounas). and bjs(p-epithiopropyl) sulfide (epithio group- 
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having compound). 

<5> Bis(isocyanatomethyl)-1.4-dlthian and di(lsocyanatomethyI)blcycloheptane (polyisocyanate compounds) bis 
(mercaptomethyl)-1.4-dithian (polythlol compound), and bis(p-eplthiopropyl) sulfide (eplthio group-having com- 
pound). 

<6> Bis(isocyanatomethyl)-1,4-dlthian and dicyclohexylmethane diisocyanate (polyisocyanate compounds), bis 
(mercaplomelhyl)-l ,4-dilhian (polylhiol compound), and bis{p-epllhlopropyl) sulfide (epithio group-havinq com- 
pound). 

[0029] Preferably, a catalyst of the following general formula (1) is added to the plastic lenses for spectacles of the 
invention while they are produced through polymerization. The catalyst facilitates the production of lenses with neither 
optical strain nor striae from the polymerizing compounds, epithio group-having compound, polythiol compound and 
polyisocyanate compound. 



R R 
I I 

CH: COO-Sn-O-S n-OCOCHi •••(!) 
I I 
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Wherein R indicates an alkyi group having from 1 to 4 carbon atoms. 

[0030] Preferably the catalyst of formula (1) is at least one selected from tetramethyldiacetoxy-distannoxane tetra- 
ethyldiacetoxy-distannoxane, tetrapropyldiacetoxy-distannoxane and tetrabutyldiacetoxy-dlstannoxane. 
[0031] In case where the plastic lenses of the invention are, after produced through polymerization in a mold difficult 
to release from the mold, any known external and/or intemal lubricant may be used for them or may be added to them 
to thereby improve the releasability of the lenses. If desired, an UV absorbent may be added to the lenses while they 
are produced. This is for protecting the resin of the lenses from UV rays and also for protecting the eye from them 
and Its amount to be added to each lens may fall generally between 0.03% and 3% or so. though depending on its UV 
absorbability and on the maximum wavelength of the UV rays to be absorbed by It. As the case may be the lenses 
produced may be dipped in an UV absorbent. The plastic lenses of the invention are easy to color with a colorant 
[0032] For improving their scratch resistance, the plastic lenses of the Invention may be coated with a hard film for 
which IS usable a coating liquid thai contains an organosilicon compound or acrylic compound and inorganic fine par- 
ticles of. for example, tin oxide, silicon oxide, zirconium oxide or titanium oxide. For improving their impact resistance 
the plastic lenses may be coated with a primer layer that consists essentially of polyurethane. 

[0033] For preventing them from glaring, the hard film of the plastic lenses may be further coated with an anti-glare 
film that contains an inorganic substance of, for example, silicon oxide, titanium dioxide, zirconium oxide or tantalum 
oxide. For improving their water repellency, the anti-glare film of the plastic lenses may be coated with a water-repellent 
film of an organic fluorosilicon compound. 

[0034] The plastic lenses for spectacles of the invention mentioned hereinabove have a refractive index of from 1 65 
to 1 .76, and their mechanical strength is higher than that of conventional plastic lenses. In addition, they are highly 
transparent, and have good heat resistance and impact resistance. 

^5 [Examples] 

[0035] The invention is described in more detail with reference to the following Examples, which, however, are not 
intended to restrict the scope of the invention. 

[00361 The physical properties of the plastic lenses for spectacles produced in the following Examples and Compar- 
5o ative Examples are measured according to the methods mentioned below. 

(1) Refractive index and Abbe's number: 

[0037] Measured at 20°C with a precision refractometer. Kalnew's KPR-200 Model. 

55 

(2) Heat resistance: 

[0038] Measured with a thenmal analyzer. Rigaku-sha's TAS-100. TMA8140, according to a penetration method (in 
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Which the thickness of the sample analyzed is 3 mm. the pin diameter is 0.5 mm, the load Is 10 g. and the heating rate 
is 10*»C/min). The peak temperature at which the themial expansion of the sample has changed Is read, and this 
indicates the heat resistance of the sample. 

(3) Tensile strength: 

[0039] A lens prepared to have a power of 0.00 D, a diameter of 80 mm and a thickness of 1 .8 mm is worked to be 
fittable to a frame of an electronic universal tester (Yonekura Selsakusho's Model CATY200WR). In this, two holes 
each having a diameter of 1 .6 mm are drilled at opposite ends. The thus-worked lens sample is fixed to the tester with 
1 .6 mm<(> pins fitted to its holes, and pulled at a stress rate of 0,05 mm/min. and the tensile strength at break of the 
sample is measured. 

(4) Presence or absence of striae: 

[0040] Each sample is macroscopically checked as to whether or not it has striae, according to the schlleren method 
The samples thus checked are evaluated on the basis of the following criteria: 

O: No striae found. 
X: Striae found. 

Example 1 : 

[0041] 80.0 parts by weight of an epithio group-having compound, bis(p-epithlopropyl) sulfide, 15.65 parts by weight 
of a polythiol compound, bis(mercaptomethyl)-1 ,4-dithian, and 4.35 parts by weight of a polyisocyanate compound di 
(isocyanatomethyl)bicycloheptane were mixed with stirring along with 50 ppm of an internal lubricant, a mixture of 
dibutoxyethyl acid phosphate and butoxyethyl acid phosphate, to which were added 0.01 parts by weight of tetra-n- 
butyM ,3-dlacetoxy-distannoxane and 0.05 parts by weight of tetrabutylphosphonium bromide both serving as a cata- 
lyst. These were stirred and mixed under a reduced pressure of 10 mmHg for about 3 minutes to prepare a monomer 
composition for lenses. The ratio of -SH/-NCO in this composition is given in Table 1 . 

[0042] Next, the monomer composition was cast into a glass mold for lenses (lens power 6.00 D, lens diameter 80 
mm, lens thickness 1.8 mm), which had been previously prepared and equipped with a resin gasket. The mold was 
put into an electric furnace, and gradually heated therein at from 20*»C up to 1 0O'^C over a period of 20 hours and then 
kept heated at 1 00'»C for 30 minutes, through which the monomers were polymerized. 

[0043] After having been thus polymerized, the lens was released from the mold, and then further healed at 1 1 0^C 
for 1 hour. It was visually checked for outward appearance, and tested for (1 ) to (4) as above. The results are given in 
Table 1. 

Examples 2 to 10: 

40 [0044] Lenses were produced In the same manner as in Example 1 , except that the epithio group-having compound, 
the polythiol compound and the polyisocyanate compound and their amounts were varied as in Table 1 . The lenses 
were visually checked for appearance, and tested for (1) to (4) as above. The results are given in Table 1 
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Comparative Example 1 : 

[0045] 75.0 parts by weight of an epithio group-having compound, bis(P-epithiopropyl) sulfide. 5 0 parts by weight 
of a polythiol compound, n-butyl thioglycolate, and 20.0 parts by weight of a polyisocyanate compound m-xylene 
diisocyanate were mixed with stirring, to which was added 0.05 parts by weight of a catalyst, tetrabutylphosphonium 
bromide. These were stirred and mixed under a reduced pressure of 10 mmHg for about 3 minutes to prepare a 
monomer composition for lenses. The ratio of -SH/-NCO In this composition is given in Table 1 . 
[0046] Next, the monomer mixture was polymerized in the same manner as in Example 1 . However, the product 
obtained was dark brown liquid and was not resinous. Therefore, this was not tested for (1) to (4). 

Comparative Example 2: 

[0047] The monomers were polymerized In the same manner as in Comparative Example 1 . except that dimercap- 
toethyl sulfide was used in place of n-butyl thioglycolate. 

[0048] However, the product obtained was milky, opaque jelly. Therefore, this was not tested for (1 ) to (4). 
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Comparative Example 3: 

[0049] 80.0 parts by weight of an epithio group-having compound, bis(P-epithiopropyl) sulfide, 5.0 parts by weight 
of a polythiol compound, n-butyl thioglycolate, and 15.0 parts by weight of a polyisocyanate compound, isophorone 
diisocyanate were mixed with stirring^ to which was added 0.05 parts by weight of a catalyst, tetrabutylphosphonium 
bromide. These were stirred and mixed under a reduced pressure of 10 mmHg (or about 3 minutes to prepare a 
monomer composition for lenses. The ratio of -SH/-NCO in this composition is given in Table 1 . 
[0050] Next, the monomer mixture was polymerized in the same manner as In Example 1 . However, the product 
obtained was dark brown liquid and was not resinous. Therefore, this was not tested for (1 ) to (4). 

Comparative Example 4: 

[0051] 80.0 parts by weight of an epithio group-having compound, bis(P-epithiopropyl) sulfide, 20.0 parts by weight 
of a polythiol compound, 1 ,2-bis((mercaptoethyl)thio)-3-mercaptopropane, and 20.0 parts by weight of a polyisocyanate 
compound, m-xylene diisocyanate were mixed with stirring, to which was added 0,05 parts by weight of a catalyst, 
dibutyltin dichloride. These were stinted and mixed under a reduced pressure of 10 mmHg for about 3 minutes to 
prepare a monomer composition for lenses. The ratio of -SH/-NCO in this composition is given in Table 1 . 
[0052] Next, the monomer composition was cast into a glass mold for lenses (lens power 0.00 D, lens diameter 80 
mrin. lens thickness 1.8 mm), which had been previously prepared and equipped with a resin gasket. The mold was 
put into an electric furnace, and gradually heated therein at from 20»C up to 120*C over a period of 20 hours and then 
kept heated at 120"C for 30 minutes, through which the monomers were polymerized. 

[0053] However, the resin thus obtained was like soft rubber, and had an offensive smell and was much yellowed. 
Therefore, this was not tested for (1) to (4). 

Comparative Example 5: 

[0054] 93.0 parts by weight of an epithio group-having compound, bis(|3-epithiopropyI) sulfide, 6.0 parts by weight 
of a polythiol compound, dimercaptoethyl sulfide, and 1 .0 part by weight of hydroxyethyl methacrylate were mixed with 
stirring, to which was added 0.05 parts by weight of a catalyst, tetrabutylphosphonium bromide. These were stin-ed 
and mixed under a reduced pressure of 1 0 mmHg for about 3 minutes to prepare a monomer composition for lenses. 
The ratio of -SH/-NCO in this composition Is given In Table 1 . 

[0055] Next, the monomer mixture was polymerized in the same manner as in Example 1 . The lens obtained was 
visually checked for appearance, and tested for (1) to (4) as above. The results are given In Table 1 . 
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DIMB: di(isocyanatomethyi)bicycloheptane 
BIMD: bis(isocyanatomethyf)-1 .4-dith/an 
HMD/: dicyclohexylmethane diisocyanale 
BMMD: bis(mercaptomethyl)-l .4-dithjan 

MMDS: (4-mercaptcmethy,-2.5-d.thlanyl)me.hyl disulfide 
BEPS: bis(p-epithiopropyl) sulfide 
XDI: m-xylene diisocyanate 
IPDI: isophorone diisocyanate 
BTG: n-butyl thiogjycolate 
DMES: dimercaptoethyl sulfide 

DMTMP: 1.2-bls((mercaptoethyl)thio).3-mercapto^ 
HEMA: hydroxyethyl methacrylate 

[Advanlages of the Invenlionl 
Claims 
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- rurdr'"°''"''°""^°^'^'^'"- -herein 



lomelhyl-l.4-dithian and/ 
the epithio group-having compound (a) is bis(MpithiopropW, 
Process according to any of claims 1 -s wherein a cataiyst of the flowing , 



/ general formula (1): 



IS 



1 ? 



CH, COO-Sn-O-Sn-OCOCH, ... (,, 
R R 

R R 

CHj C 00- S n n -nrn/- Lj 
55 l*^j>n-0C0CHj. •••(!) 

R R 

Wherein R Indicates an alkyl group having fro. 1 to 4 carbon atoms 
12. Catalyst according to claim li whi..K i ♦ . 
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